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THE MEASUREMENT OF ATMOSPHERIC
STABILITY FROM 30 TO ~% KM

S P ZavverMas, AL COFage and E. A Muereny

Air Foree Cambridge Research Laboratories, Bedford, Mass,, USA -~

<ix sites are utilized in the ealenlation of the Richardzon number Ri. The results show
that. for a critical Richandson nunther of L. there is quite often a turbulent region aroand
X3 km at all lntitudes.  Furthermore, the winter polar mesospheric data indicate a more
intense turbulence than do the summer data. There alio appears a region of marginal
stability (Ri ~ 1) at or slightly above the stratopanse which ix more often present during
the winter season than in the summer. Latitudinal and seasonal distributions of Richardson
number, wind shears and estimates of heating raten due to viseous dissipation of turbulent
kinetic energy are given,

1. Theory and Analysis

In a stably stratified uhn@i:ln-nn the necessary condition for the mainte-
nance of turbulence against buoyaney forees ix that the flux Richardson rumber
By be less than some eritieal nomber B0 By where By is the critical flux
Richardson number. 11 this flux Richardzon number eannot be measured sinee
it requires the in sitw simultancous measurement of the turbulent transport
cocflivients of heat and momentum as well as the loeal atmospherie temperatare
anel wind shear, then a measure of «tability or instability may be provided by
examination of the ondinary Richanlson number Ri defined as

Bi glel¢Z2 - )TV 2Z)2 (N
where g is the acecleration of gravity, T ix the atmospherie temperature ( K),
17 ix the adiabatic lapse rate (=10 km~Y), Z is the vertieal coordinate. and

I" ix the amplitude of the mean horizontal wind velocity, such that 20°/07
i« the vertieal wind shear, defined by

U RZP = [PU, 2 - [P, 72

and where r and » are the horizontal directions.

The amplitude of the eritical Richardson number Bi, necessary for the onset
of turbulence in a stably stratificd atmoxphere hax been theoretienally shown
to be Bi, <<V and hax been experimentally verified. Woods [1T] has shown
that when a region has been placed into a condition of fully developed turbulent
flow. it may he maintained in this turbulent flow under the condition I < 1.
amld xinee for this study we do not have a time and space history of the tem.
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_perature and wind fields, we shall assume that the observations where Ri =1 f
arc indicative of.local turbulence.

Thus given this condition for turbulence (B¢ < 1), let us now consider the . v
turbulent erergy balance equation, which may ‘be expressed as ‘ ‘ ///
. > e/K,, = (1 — & Ri) (8U[02)2 @) L

3 where ¢ iis .the rate of viscous dissipation of turbulent kinetic energy, K, is
g the cocfficient of turbulent momentum transfer, Kh is the coeffxcxcnt of turbulent.
‘heatstransfer, and & = K, /K, assumed unity here.

{ j Utilizing the Heisenberg [2] relation for K,, and assuming an “inertial”
4 ‘ " sub-range over the turbulent’ energy spectrum, an expression for ¢ valid
3 ' within uncertainties of 2, may be derived using one-dimensional theory,

9 & =~ 0.250 12 [(1 - ]h‘) (aU/azmm 3)

wavclcngth to valucs snmllcr than the wavelengths of thc ‘wind shcm-, we
o shall-use o scale size I of 500 m-as the value of this-large seale limit. This will
give a wavelength -of 3.14 km, which foi the most part is small compared .
‘vith the wind system vertieal wavelengths of 5-20 km usually reported. 7
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The Measurement of ‘Atmospheric Stability from 30 to ~80 km

Fixing the large scale limit can introduce some error in the determination
-of ¢, since by théory (Eq.(3)) € and ! are closely coupled. However,this method
allows Ky, which is not calculatéd here, to vary as.the rate of dissipation and
thus, within the limit of this scale size, affords a more sclf-consistent deter-
mination of & than would -be accomplishcd“by plcdetermining Kyt a rational
procedure which would lead to serious inconsistencies due to the aforementioned
intérrelationship of ¢, K, and 1. The errors generated by holding ! constant
would be to overestimate ¢ in rcgnons of high shear, and thus lower Richardson
numbers; and to underestimate ¢in the region of Rincor unity, orlow shear region.
The- oceurrence average of & and Ri, to.-be given later, should be considered
conservatively becausé of the small-data sample.

‘2, Results

Murphy et al. [3] used eight years of wind and temperature data ( 1009-1967),

-ag=detormined=from-grenade -data [4]; in-their analysns, ‘but ‘becanse of Iarge

errors, particularly at the uppermost data point in the-years up to 1865, the
results of the analysis are opén to.some quéstion. We shall limit this analysis
to the years 1965, 1966 and 1967; cven so, the general points raised in the
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eight.year analysis are repeatcd in this threc-year analysis. The winter northern - s
(60° N) mesosphere-shows-a ore intense tirbulence than docs the summer .
northern mesosphere (Fig. 1),and the summer data are somewhat sporadic in o . o
the occurrence of turbiilence above 80 kin, whils the winter data show turbulence
as being present 1009, of the time at some altitude above 75 km. The mid-
latitude -data (38°N)- (Fig: 2). show little turbulence for the years 1965 and
1966, but more frequent occurrences for. 1067, and, as an overall average, - : o
approximately two.thirds of-all dats have some turbulence above 80 km. The
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o

equatorial xeg,lon (6°-S) shows fairly intense turbulence, present most of the
time. The region, at or slightly above the stratopause (Figs. 1,-2 and 3) shows
seotions of marginal stability or even turbulence (Fi g 1, mul occasimmlly
< 1/4), and as theoretically demonsirated .by Hines [6], these ugons may
correspond to o critical lnyer, signified by R < 14, which results in ampli-
fieation of the background wind system, Altclnutn’cly if the condition M £ 1
; gignifics a turbulent region, as-hypothesized here, the radiation of shovt internal
‘ waves from this region of turbulence arises from- the growth of wave modes
in the interactions-among the-turbulent components as noted by Phillips [6].
In cither ovent, it is possible that. these stratospherie regions (Ri < 1) are )
o source of wave generation or amplifieation which propagate through the " - -
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The Measurement of Atmospheric Mtalality from 30 to ~86 km 910

mesoaphere in ionospherie heights and provide the stratosphere -jonospherie
conpling as noted by ionospherie physiciste,

The winter-siwnmer sversges of the rate of viscous e sipation for the three
latitudes are given in Figa. 4, 5 and 6 s» a fiaction of sittude. The vatues of
£ upan oceasion go as high as ~ 1B ergs 274 87 aad fairly often up o aad greater
than 168 ergs gt 373, in regions of unnsaally high shears (~10 Vs 4, parti.
cularly at the nerthern latituden, Because of tie probebie ¢rror genesaiion
of ¢ discussed eardier, vetues of ¢ 1188 are v anved from the eajeuletion
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of the mean heating rate, also shown in Fig. 4. § and 6. Another factor to
consider in removing these valuex is the low size of the data sample, where
& single value of & 2> 10% in & sample of i would overwhelm the more statist-
ically significant sample for ¢ < 108 ergs g~' 8=t It is quite apparent that
the average wintor northern mesosphere has a rate of heativg which ix
equivalent to or higher than that calculated from the subsidence snd recom.
bination of atomic oxygen, and that of Johrson and Gottlich: {7] who eal
culated a heat source due to the meridional wind distribution which wax
required to halance the lack of symmetry in the sular heat input for solstice
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vonditions, and whict would then provide the ecarzy necessary to snainiain
the warm polar mesospuere. The mid-latitude heating rate is obviously much
lower thun that of the northern latitudes o1 equatorial region, and is approxi-
matery of the same amplitude for the yearly average as that determined by
Zimmerman and Rosenberg [8] from wind trail analy:is at approximately 95 km.

The eguatorial region alse indicates large heating rates, similar to those of the
northern latitnde.,
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3. Summary

This study shows the atmosphere above 80 kin is wsually turbulent, with
the occurrence of turbulence, at the moment, as some non-predictive function
of latitude and season. The average heating of the atmosphere by the turbulent
flow system is of the order of or greater than the heating due to cuv and Schu-
mann-Runge energy absocption, and apparently compensates for the lack of
symmetry in the solar heating input at solstice conditions.

The region around the stratopause shows conditions which are sporadically
favorable for wind system amplification: however, many more comparisons
of these data with ionospherie mesospherie measurements and analysis must
be performed to ascertain this possible influence.
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